ABSTRACT In the twenty-fi rst century, predominant dependence on fossil fuels as energy resources will not be sustainable. Developing and commercializing green energy innovations will be an essential component of the transition to a more diversifi ed energy economy. Algal biodiesel is one of the most promising green fuels because of its potential as a renewable and sustainable fuel source without displacing food crops. Algal biodiesel research and development are necessary early steps towards a transition to a green energy economy. The strategic use of strong patent portfolios will drive this by attracting investment, incentivizing innovation and accelerating commercialization. Whereas algal biodiesel research and development is largely still early stage, this will rapidly change as aggressive investments and government subsidies facilitate economically competitive algal biodiesel to enter the energy market. Algal domestication, improvement and industrial utilization for biodiesel production will therefore inevitably create value, leading to increased assertion of property rights, of which intellectual property rights in the form of patents are fundamental. This article provides
INTRODUCTION
Worldwide concerns over global climate change, national energy security, rising fuel costs and the diminishing supply of inexpensive fossil fuels has stimulated interest in renewable energy resources. Currently, there are few renewable energy resources that can compete directly with petroleum, especially in the transportation sector. 1 -3 Biofuels, such as bioethanol and biodiesel, are emerging as a competitive alternative to petrofuel because they are renewable, have superior environmental benefi ts, can be produced in suffi cient quantities, and provide a positive net energy gain, all factors critical to long-term substitution of fossil fuels. Biodiesel is an especially interesting substitute for petroleum because it has a positive net energy ratio. Also, B100 (100 per cent biodiesel with no petrodiesel to supplement the mixture) can be utilized as a direct petroleum substitute without major changes to the current infrastructure (engines, storage and distribution). 1, 3, 4 Biodiesel comprises methyl esters produced by the transesterifi cation of biomass oils with an alcohol (usually methanol or ethanol). Greater than 350 biomass resources have been identifi ed as a triglyceride source for the production of biodiesel. Table 1 identifi es the most commonly investigated feedstocks. Rapeseed, oil palm, soybean and sunfl ower are the primary feedstocks utilized for the production of biodiesel. 3, 5 Over 90 per cent of biodiesel production worldwide is derived from rapeseed and sunfl ower oil alone. 6 Biodiesel is most commonly produced from soybean oil in USA, and rapeseed oil in Europe. 5 Microalgae (hereinafter algae), unicellular photosynthetic organisms, are particularly attractive as a feedstock as they will not displace agricultural crops, can be grown yearround, and can be harvested continually. Algae are also advantageous as a feedstock because they have a high growth rate, ability to thrive in saline water, capability of sequestering carbon dioxide (CO 2 ), and capability to use nutrients (such as nitrogen and phosphorous) from waste products (such as sewage). 7 Algae typically have a high oil content of 20 -50 per cent (dry weight), some strains having an oil content as high as 80 per cent dry weight. Algae are capable of doubling their biomass in a 24-hour period. Algae can produce 8 -24 times the triglycerides per area as other biomass resources, enabling the production of 58 700 -136 900 litre per ha of oil per year. It is estimated that between 2 and 6 per cent of the total US cropping area would be suffi cient to produce enough algal oil for biodiesel production to entirely satisfy its transportation fuel needs. 8 The attractiveness of algae as a feedstock for biodiesel production has led to accelerated development of technologies to harness it as a future major fuel source. These technologies include selection of algal strains, genetic enhancement of algal strains through lipid metabolism and other biotechnological modifi cations, algaculturing techniques, lipid extraction, and biodiesel processing and production. The rapid domestication and improvement of algae, coupled with advances in algal lipid extraction and processing, are moving this erstwhile mostly ignored (seemingly worthless and frequently a nuisance) resource towards industrial utilization on a very large scale. However, this requires substantial investments in human resources, expertise, capital and time. As value is added, property rights are inevitably asserted, of which a summary of representative patents and patent applications in the algal biodiesel technology space and their commercial applications.
intellectual property rights, for example, patents, are central. The fencing of any commons, whether physical or intellectual, follows a basic principle of property rights: valuable property is developed through the investment of human resources, expertise, capital and time, and once value is added the acquisition and assertion of property rights will inevitably follow.
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THE EVOLVING US MARKET FOR BIODIESEL AND ALGAL BIODIESEL
Widespread use of biodiesel is primarily inhibited by the price. Figure 1 displays the price of biodiesel versus petrodiesel over the last 4 years, suggesting that as the price of petrodiesel increases, the price differential decreases, with B100 biodiesel becoming a more commercially competitive option. Production of biodiesel typically involves the following steps: (1) biomass cultivation; (2) oil 
Figure 1 :
United States average prices for diesel and biodiesel blends (B20) and (B99 -100). Note : Biodiesel blends are identifi ed with the prefi x ' B ' followed by the percent volume of biodiesel within the blend. For example, B5 is comprised of 5 per cent biodiesel by volume and 95 per cent petrodiesel by volume. extraction and purifi cation; (3) transesterifi cation; and (4) post-processing of biodiesel. Steps (1) and (2) , which produce the raw feedstock oil, are integral to the economic viability of biodiesel because these two steps have been estimated to account for approximately 70 -90 per cent of the total production cost. 11, 12 For algae, biomass cultivation involves choosing an algal strain, algaculturing and harvesting the algae. The cost of production of algal oil and algal biodiesel are approximately US $ 10.60 / gal and approximately 13.25 / gal, respectively. 8 Over the last 5 years, the cost of production for petrodiesel fl uctuated between $ 2.91 / gal and $ 1.65 / gal. 13 In order for algal biodiesel to be an economically viable option, there must be major technological advancements and / or government subsidies for research, development and / or production.
Biodiesel 17 Algal biodiesel is one of the most promising fuels for meeting the RFS. 18 The EISA RFS requirements have lead to an increase in algal biodiesel research and investment over the last few years.
Private investment in algal biodiesel has increased, as is evidenced by Sapphire Energy, Inc. raising more than $ 100 million 19 and Solazyme, Inc. raising $ 45.4 million for algal biodiesel in recent years. 20 Also, major collaborative efforts, such as the approximately $ 600 million Exxon Mobil and Synthetic Genomics, Inc. collaborative research 21 and the approximately $ 500 million BP Global, University of California, Berkeley, Lawrence Berkeley National Laboratory, and University of Illinois at Urbana-Champaign consortium, concentrating on algal biodiesel have been approved. 22 This recent investment in research and development exemplifi es the US government ' s and industry ' s commitment to the use of algal biodiesel in the future, as well as a focused strategy for rapidly advancing innovations which will facilitate widespread commercial availability of algae-based biodiesel.
In order to further capacitize the research and development of algal biodiesel, the US Department of Energy (DOE) held the National Algal Biofuels Technology Roadmap Workshop in 2008. More than 200 professionals from government, industry and academia were hosted at this workshop to discuss and Clause 8: ' To promote the progress of science and useful arts, by securing for limited times to authors and inventors the exclusive right to their respective writings and discoveries ' ). 26 Patents are essential to innovation and commercialization because they provide security for investment and encourage public disclosure of the science and technology behind new inventions:
[P]roperty rights promote innovation by allowing intellectual property owners to prevent others from appropriating much of the value derived from their inventions or original expressions. These rights also can facilitate the commercialization of these inventions or expressions and encourage public disclosure, thereby enabling others to learn from the protected property.
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Advancements in technology typically require a large amount of research and development investment; this is especially the case in the green and clean technology industries. The exclusive rights conferred by patents, therefore, provide an incentive to both invent and to invest the requisite time and capital to research, develop and commercialize an invention into a marketable product. Without this exclusivity, individuals and companies could appropriate value from the inventions of others without creativity, labor, or fi nancial investment.
Biodiesel and algal innovations can be protected in the United States by utility patents and plant patents. Utility and plant patents grant the right to exclude others from making, using, offering to sell or selling the patented invention 28 The Roadmap sets forth the concentrated and coordinated research and development needed in order to achieve economical algal biofuel. 18 The Roadmap identifi es algae biology and harvesting as the least developed area of algal biodiesel production, but overall advancements are needed in every area. 18 Most recently, as part of the American Recovery and Reinvestment Act of 2009, $ 786.5 million has been dedicated directly to biofuel research. A large portion of this federal funding has been directly applied to algal biodiesel, including approximately $ 22 million in Solazyme, Inc., $ 25 million in UOP LLC, and approximately $ 50 million with Sapphire Energy, Inc. for algal biodiesel research and development. 23, 24 Interest and investment in algal biodiesel is increasing in the United States. The government, industry and academia are committed to the development of algal biodiesel to reduce the US dependence on petroleum and to encourage a move towards green alternative fuels. Patent protection on new algal biodiesel innovations will be essential to attract investment for further research and development. The accelerating transformation of algae from green slime to ' Green Gold ' will increase the value of technological advances and drive even greater patenting activity.
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US PATENT LAW AND ALGAE
Patents are government-granted rights to exclude others from making, using, or selling a new, useful and non-obvious invention. The quid pro quo for being granted limited exclusive rights under a patent is that the science and knowledge behind an invention is dedicated to the public through publication, thereby promoting innovation (as articulated in the Constitution, Article 1, Section 8, are not required to meet the often daunting specifi cation requirements of the utility patent.
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A patent may be obtained for ' any new and useful process, machine, manufacture, or composition of matter ' . 33 Whether genetically modifi ed organisms and algae are patentable subject matter has been debated. In the 1980 case Diamond v. Chakrabarty , the Supreme Court declared that ' anything under the sun that is made by man ' was patentable. This case specifi cally declared that living organisms modifi ed by humans are patentable. This broad interpretation of patentable subject matter is the basis for enabling patents on biotechnology innovations including algal innovations.
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Protection of plants with utility patents and algae with plant patents was further clarifi ed in later cases. In 1985, the Board of Patent Appeals and Interferences in Ex Parte Hibberd declared plants were eligible for utility patents. 35 The Supreme Court upheld the
elaborating further that newly developed plants are within the terms of patentable subject matter despite the passage of other statutes that specifi cally protect plants (Plant Patent Act and Plant Variety Protection Act). 36 Plant patents can also be used to protect algae strains. The US Patent and Trademark Offi ce (USPTO) states that ' [a]lgae and macro fungi are regarded as plants ' for the purpose of obtaining plant patent. 37 As stated above, plant patents are easier to obtain than utility patents. In addition, plant patents are signifi cantly less expensive to fi le and maintain (see Table 2 ). Yet, despite the advantages of obtaining a plant patent on an algae strain, very few have been applied for or granted.
J.E.M. Ag Supply is also important because it held that concurrent plant variety protection and patent (utility or plant) protection can be granted for the same plant. Multiple overlapping intellectual property protection is very advantageous for advancing innovations in plants and algae. Concurrently, a utility patent claiming a method of culturing a specifi c algae strain and a plant patent claiming that algae strain can be obtained. For example, the USPTO has granted Dr Arthur Nonomura, of the University of California in Berkeley, a plant patent for the ' Ninsei ' variety of Botryococcus braunii 39 and utility patents claiming methods of culturing this variety. 40, 41 Simultaneous protective mechanisms provide stronger exclusive rights, greater incentive to innovate, and an increased opportunity to obtain a return on research and development investment. 36 Currently, the majority of algae and algal biodiesel patenting activity appears to be in the United States, mainly because of large private and public investment in both academic and industrial research and development. research and development of advanced innovations. 45 -47 The following sections will discuss important representative patents and patent applications that protect the major algal biodiesel innovations under development for commercialization ( Table 3 ) .
ALGAE STRAINS
Selection of algae strains is essential to produce economical algal biodiesel. The DOE ' s Aquatic Species Program investigated over 3000 viable strains of algae for production of biodiesel based on the strain ' s robustness, oil content, growth rate and metabolic effi ciency between 1978 and 1996. 48 Effi cient production of biodiesel from algae requires selection of algal species that allow maximum biodiesel output per resource input. Cost-effective commercially viable biodiesel production from algae requires utilization of algae species with desirable biomass growth rate, oil production, metabolic production (lipids and hydrocarbons), nutrient input, environmental tolerance and photosynthetic effi ciency. 8, 48 From the 3000 strains investigated, 300 strains were identifi ed as having desirable characteristics for biofuel production. 48 No alga strain has yet to be identifi ed with all the desirable characteristics above. 49 This section describes utility and 43 According to US Secretary of Commerce Gary Locke, the purpose of the program is to encourage innovation, commercialization, and business and job growth by providing patent protection to new inventions more quickly. This program is expected to reduce the average patent pendency time from about 40 months to 32 months. The USPTO has limited this program to the fi rst 3000 applications fi led for under this program. 42 As of 17 June 2010, 1091 petitions for special status under this program have been fi led of which 414 have been granted. 44 
CURRENT PATENTS AND PATENT APPLICATIONS IN ALGAE BIODIESEL
Commercialization of algal biodiesel is heavily dependent upon patents to incentivize research and development, attract venture capital, and provide return on investment. Whereas an earlier ' intellectual property ' (that is, patent) landscape provided a broad overview of patent activity in the entire biofuel industry, this article focuses specifi cally on patenting activity in algal biodiesel sector of the biofuel industry, which is undergoing rapid growth and substantial investment in 
Algal oil extraction 8
Algal oil to biodiesel processes 1
Bold numbers denote the total number patents and patent applications within the categories and the sum of all subcategory patents and patent applications.
plant patents (and applications) claiming species of algae with desirable characteristics for the production of biodiesel.
Botryococcus braunii
One of the most promising alga species for biodiesel production is 52 B. braunii is particularly advantageous because its high lipid production causes the cells to fl oat. B. braunii cells with colonies containing a hydrocarbon content less than 5 per cent dry weight remained sunk at the bottom of the culture and colonies with a hydrocarbon content greater than 20 per cent dry weight fl oated. 40 A recent Japanese patent claims a species of B. braunii that is capable of consistently producing 33 hydrocarbons. 53 Dr Arthur Nonomura ' s plant patent for B. braunii variety Showa discloses a distinct algal variety characterized by its ability to produce and secrete large amounts of botryococcene in all growth phases. The total botryococcene production is approximately 30 wt per cent of the dry weight of the biomass. This variety has a rapid growth rate, capable of doubling its total biomass in < 40 hours. The Showa variety is particularly novel because the colonial matrices secrete hydrocarbons consisting primarily of C botryococcene, which allows for hydrocarbon recovery without the need to destroy cells. The B. braunii variety Showa plant patent was assigned to University of California, Berkeley.
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B. braunii variety Ninsei (a recent plant patent granted to Dr Nonomura) is an algal variety similar to the Showa variety (ability to secrete and produce botryococcene and fl oatation with high lipid content). 53 However, Ninsei is distinct from other varieties as it grows at the water surface and is also advantageous for the production of biofuel because it is able to survive in chemically extreme environments in which other algal strains cannot: Ninsei produces hydrocarbons in the presence of ammonia (algal hydrocarbon production typically shuts down in the presence of available ammonia). 39 
Dunaliella tertiolecta
Chinese patent applications for Dunaliella tertiolecta strains with increased growth rate and chlorophyll content were fi led by Xin ' ao species of the genera Chlorococcum , Scenedesmus , Palmellococcus , Cylindrospermopsis and Planktothrix . These patents also claim methods for utilizing these species for lipid production, wastewater remediation, waste gas remediation and / or biomass production. The species is cultured to remove nutrients and CO 2 from wastewater / gas (controlling environmental pollution) while producing renewable biomass for lipid production that can be used to produce biodiesel. The patent and patent applications also disclose methods for lipid isolation and collection. 65 -67 The breadth and scope of these patents and patent applications portends the early stages of what might later become a ' green gold ' rush.
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ALGAE GENETIC ENGINEERING
The fi rst successful genetic manipulation of algae to enhance yield involved the introduction of antibiotic resistance to diatoms. Later, the enzymes Acetyl-Coenzyme A Carboxylase (ACCase) and UDP-glucose pyrophosphorylase (UDPGP) and the genes that encode these enzymes (regulators of hydrocarbon production in algae) were isolated and have been patented. ACCase and UDPGP were the fi rst metabolic / genetic discoveries related to the production of biodiesel via lipid metabolism from algae. 18 During the DOE ' s Aquatic Species Program, a method of producing stable genetically transformed algae was developed. 68 This method was used to genetically manipulate chlorophyll to over-express ACCase and test the effect on lipid biosynthesis and accumulation; however, no signifi cant change in lipid accumulation was observed. 49 Despite the failure, this was a major step toward the use of transgenic algae for biodiesel production. Genetic engineering will most likely be critical for developing algae strains that embody the enhanced suite of desirable characteristics necessary for cost-effective commercial production of biodiesel.
Increasing production of triglycerides for biodiesel from algae can also be achieved by Science and Technology Development Co. Dunaliella tertiolecta is a particularly interesting alga species for biodiesel production because it has a high oil content (36 -42 per cent dry weight). 58 The claimed Dunaliella tertiolecta strains displayed a 5.9 to 17.6 per cent increase in biomass and a 1.0 to 8.9 per cent increase in chlorophyll content. These enhanced characteristics make these strains a much more viable option for algal biodiesel production. The patent applications claiming the enhanced strains also claim methods for developing mutated Dunaliella tertiolecta strains by ultraviolet irradiation, high temperature exposure and exposure to ethylmethane sulphonate.
-61
Pseudochoricystis ellipsoidea
The Marine Biotechnology Institute of Japan discovered the alga species Pseudochoricystis ellipsoidea in hot springs, which offers promise for the commercial production of biodiesel. The algae produce small chain saturated hydrocarbons (10 -25 carbons), which have superior burning qualities over the heavier oils made by other algae strains, such as B. braunii . The patent for P. ellipsoidea has been assigned to Denso Corporation.
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Chlorella and others
Chlorella is one of the most highly researched genera of algae for the production of biodiesel. Chlorella species are a viable algal biofuel biomass because they have a high oil content (15 -55 per cent dry weight) and biodiesel production has shown to be highly successful. 63 Chlorella YJ1 was isolated from secondary discharged water from an urban sewage treatment facility. This species is advantageous because secondary urban sewage can be used as a culturing medium without the need for additional nutrients. Chlorella YJ1 enables concurrent sewage treatment and biodiesel production. 64 Dr Qiang Hu has fi led patent applications claiming novel isolated Chlorella and Pseudochlorococcum species and compositions with specifi cally claimed genomes and isolated improving solar energy conversion. One method of improving conversion is to minimize the chlorophyll antenna size by suppression of the tla1 gene. The patent by Dr Melis Anastasios and Dr Mautusi Mitra describes a method of decreasing chlorophyll antenna size involving inhibiting the expression of the tla1 by inserting a tla1 mutation into the algal genome. 69 Sapphire Energy (who recently raised greater than $ 100 million for green energy projects 19 ), in conjunction with the Scripps Research Institute, have applied for patents for genetically engineering 70 and high throughput screening of genetically engineered algae. 71 This method involves the insertion of genetic material into algae that specifi cally produces enzymes for the production of biodiesel hydrocarbons. 70 The high throughput screening can be used to rapidly identify the genetically engineered algae with the most desirable characteristics. 71 Solazyme has fi led a patent application for Chlamydomonas , Chlorella , Volvox , Phaeodactylum , Dunaliella and Thalassiosira algae that have been genetically engineered to maximize triglyceride production. Algal triglyceride production is enhanced by utilizing antisense or RNA interference targeting algal genes involved in photosynthesis. The targeted genes include those affecting the production and effi ciency of light absorbing pigments and light harvesting antenna, modulating photosynthetic activity by signal transduction, regulating chlorophyll biosynthesis and encoding proteins that dissipate absorbed light energy as heat (avoiding deconstruction of antennas under high intensity light). 25, 72 Solazyme has also fi led a patent application for a method of identifying genes and engineering organisms that could potentially be used to engineer algae that produce desirable hydrocarbons for easier conversion to biodiesel. 73 Genetically modifying algae for easier cultivation and extraction is another method for developing economical algal biodiesel. As previously stated, cultivation of biomass and extraction of oil from biomass can make up approximately 70 -90 per cent of the total production cost. 11, 12 A patent application assigned to Synthetic Genomics, Inc.
(recently having entered into a approximately $ 600 million algal biodiesel research collaboration with Exxon Mobil 21 ) describes a method for developing and using genetically engineered algae which secrete fatty acids. Several genetically modifi ed algae species can be used in this process. This method is advantageous because the fatty acids can be harvested without destroying the algal cells.
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ALGACULTURE
Large-scale production of algae biomass is generally more expensive than growing food crops. 8 Algae growth requires available light, CO 2 , water, nutrients (such as nitrogen, phosphorus, iron and silicon) and temperatures between 20 ° C and 30 ° C. Currently, the only practical methods for large-scale algae production are raceway ponds and photobioreactors. 8 
Raceway ponds
Raceway ponds, used for mass algae culture since the early 1950s, consist of a system of closed-loop recirculation channel that is typically about 0.3 m deep. The mixing and circulation required to stabilize algae growth and productivity is produced by a paddlewheel. Raceway ponds are relatively inexpensive to build and operate, but typically have lower biomass productivity because of poor mixing, light and CO 2 availability, and / or contamination. 63 There are very few recent patents or patent applications on raceway ponds as most research appears to be on photobioreactors because they are capable of producing a higher biomass concentration and less prone to troublesome contamination.
Waterwheel Factory, Inc., the world ' s largest water-wheel manufacturer, has applied for one of the few patents for raceway ponds, a curve blade paddlewheel specifi cally made for algae raceway ponds tubes are closed to prevent contamination. The counter-rotating currents that are induced within the tubes ensure maximum exposure of the algae to light. Multifunctional rollers operating on the tubes in both directions serve to clean internal surfaces, degas the media, mix the tube contents and re-suspend algae. Wastewater (containing NO X ) and gas (containing CO 2 ) can be utilized in the tubes for algae culturing. The tubes produce pure O 2 and a concentrated slurry of biomass which can be piped through manifolds and vented or collected. The fully enclosed system prevents water evaporation and percolation, reducing the overall water consumption of the photobioreactor tubes. Bio-harvesting aggregates algae cells into larger, more separable organisms, allowing in situ extraction and continuous production without resorting to batch stressing.
79 A2BE Carbon Capture estimates that 110 tons of CO 2 per acre per year consumption and an overall 6 -10 year payoff. 80 OriginOil, Inc. has applied for a patent for a method and vessel that enhances algae growth. The method and vessel are known by their trademarked names Quantum Fracturing TM and Helix BioReactor ™ , respectively. Since algae strains thrive best in a calm fl uid environment, the Quantum Fracturing TM method attempts to supply CO 2 and nutrients needed for algae growth without agitating the water medium surrounding the algae. Micron-sized bubbles of water, CO 2 and other nutrients are fractured at very high pressure, creating a slurry. The slurry is subsequently applied to the algal culture in the low pressure Helix BioReactor ™ . The pressure differential between the two zones (algal culture and slurry) substantially increases the contact and exchange between the micronized nutrients and the algae cells. This process can theoretically achieve total and instantaneous distribution of nutrients to every alga cell in the culture without fl uid disruption or aeration. 81 The increased contact between the algal culture and slurry enables high absorption of CO 2 and nutrients, producing a much greater volume of hydrocarbons. This and methods for creating raceway ponds. The paddlewheel is light in weight with an outer paddle portion to be positioned at angle with respect to the center paddle portion, which reduces drag and increases the amount of water moved.
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Photobioreactors
Photobioreactor, closed apparatus for algae growth, are essentially designed to overcome some of the problems associated with raceway pond systems. Typically, a single species of algae is cultivated in a photobioreactors. Algae growth is usually higher than raceway ponds because growth problems associated with contamination, CO 2 and nutrient availability, and poor mixing can be prevented. Despite being much more spatially effi cient, photobioreactors are usually more expensive to develop and maintain than raceway ponds. Disadvantages of photobioreactors include algal wall growth, small illumination areas, diffi cult scale up, limited mass growth and temperature control. 8, 63 Valcent Products has applied for a patent that propagates algae in long rows of suspended moving plastic bags in a system called VertiGro. The culturing of algae is performed effi ciently by sequestering CO 2 and by exposing the algae suspension in suffi cient light. 77 A pilot for the process has been assembled in a large high-density greenhouse in El Paso, Texas. Valcent CEO Glen Kertz reported that up to 100 000 gallons of algal oil a year per acre could be produced with the Vertigro system, compared with ' 30 gallons / acre from corn or 50 from soybeans ' . 78 However, Kertz ' s, perhaps optimistic, yields are not consistent with other published estimates. 8 A2BE Carbon Capture has developed a Carbon Capture and Recycle algal photobioreactor and harvesting machine. Each machine consists of one or more transparent algae-growing tubes with a length between 100 and 600 feet and a width between 10 and 20 feet. The transparent tubes serve as photobioreactors for algae production. The technology makes algae production more commercially viable option. 78 The OriginOil ' s Helix BioReactor ™ also enhances algae growth by evenly distributing the light within the algal culture. A low-pressure culture medium is contained on a rotating vertical shaft surrounded by lights arranged in a helix or spiral pattern. Each lighting element is engineered to produce light intensity and frequencies for optimal algae growth. 82 The Helix BioReactor ™ growth environment enables the algae to replicate exponentially. OriginOil is currently testing low energy light-emitting diodes (LEDs) to serve as the lighting sources. 78 Other companies have developed culture techniques and vessels for removing the oil extraction step. As described above, Synthetic Genomics, Inc. has fi led a patent application describing algae, which have been genetically engineered to secrete fatty acids and the method for harvesting the fatty acid from the algal culture medium. This method is particularly effi cient because the fatty acids can be recovered without destroying the algal cells.
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ALGAL OIL EXTRACTION
Many different techniques for extracting oil from algae have been attempted, most of which are neither cost effective nor effi cient. Highly dependent on the quality of the algal oil, extraction involves concentrating and separating algae from the culturing medium, then mechanical (such as pressing or ultrasonic cell lysing extraction) and / or chemical (such as solvent or supercritical fl uid extraction) oil removal. Aurora Biofuels has applied for a patent that concentrates and isolates algae from culture at the industrial scale. 83 General Atomics has recently been assigned a patent application proposing a cost effective method for algal oil extraction utilizing steam to rupture cells to release oil. 84 Many methods appear to attempt to remove the extraction process, such as Synthetic Genomics ' s patent application mentioned above. 74 For algal biodiesel to become commercially viable, research and development must focus on effi cient and economical extraction of oil or methods that remove the oil extraction step.
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ALGAL OIL TO BIODIESEL PROCESSES
Algal biodiesel is produced by transesterifying the naturally occurring triglycerides in algal oil with a short chain primary alcohol (typically methanol or ethanol). The transesterifi cation process is typically enhanced by the presence of acid catalysts, base catalysts, enzyme catalysts or supercritical conditions. Commercially, biodiesel is predominantly produced via base catalysis, which is fast and relatively inexpensive. However, base catalysis is very sensitive to water and free fatty acid contamination, which can lead to unwanted ester saponifi cation (soap accumulation). Therefore, base catalyzed production requires pre-processing of raw input oils to remove water and free fatty acids. 85 As algal oil typically contains free fatty acids between 20 and 50 per cent, 86 the cost of biodiesel production can be signifi cantly reduced by making it less sensitive to such impurities.
The ' Mcgyan ' process, wherein algal oil is converted to biodiesel utilizing both catalysis and supercritical conditions, is a major innovation toward more effi cient and cost-effective biodiesel production from algae. This process enables quick, reliable and cost-effective conversion of feedstock oil with high free fatty acid content, via continuous transesterifi cation of oil by running mixtures of oil and alcohol through a fi xed bed reactor utilizing metal-oxide catalysts. 87 The Mcgyan process has proven to be very successful, exhibiting a biodiesel conversion rate of greater than 90 per cent for algal oil with a residence time of approximately 60 seconds. Utilizing porous zirconia, titania and alumina microspheres, the Mcgyan Process can be operated industrially with supercritical alcohol for continuous long-term biodiesel fuel production without loss of catalytic activity or conversion rate for greater than 115 hours. 86 Supercritical alcohol (at conditions greater than critical temperature and pressure, the information necessary to develop reliable engines, start manufacturing of biodiesel acceptable vehicles, and production of pure biodiesel (B100) for blending. These standards are a major step for greater biodiesel production and use internationally, especially in the US.
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CONCLUSION
The United States is in the early stages of a green revolution. Algal biodiesel is one of the most promising alternative fuels, but more research and development is required for algal biodiesel to become a viable commercial option. Patent protection of new innovations will be essential to the commercialization of algal biodiesel.
This preliminary patent landscape of algal biodiesel technologies suggests that increasing investment in basic research and development is adding value, with a concomitant increase in patent application fi ling and patent issuance. Notably, there is substantial patenting activity in the fundamental technological building blocks of algal biodiesel technology: feedstock strains and biotechnological engineering and improvement. This strongly supports the precept that property rights follow value, that algal domestication is creating an entirely new value-added commodity, and that the algal commons is less viewed as worthless green slime and more viewed as potential green gold.
In the algal biodiesel technology space, more comprehensive patent landscapes will be needed to determine where opportunities lie for innovation, investment and public -private collaborative research and development. Increased public and private investment will continue to drive the future development and commercialization of economical algal biodiesel, and more intellectual property rights, for example, patents, will certainly follow. However, this might only be a harbinger of even greater assertion of both intellectual property as well as other proprietary rights regimes. Global commercial / market value will drive these trends.
displaying both characteristics of a gas and a liquid 88 ) in the Mcgyan process allows esterifi cation of free fatty acids and transesterifi cation of triglycerides simultaneously with virtually no sensitivity to water content. 85 The free fatty acid in algal oil is converted to biodiesel by esterifi cation simultaneous with transesterifi cation of triglycerides when utilizing supercritical alcohol in the Mcgyan process. This enables the Mcgyan process to utilize raw algal oil without the need for pre-processing to remove the free fatty acids. 87 A 25 per cent reduction in cost production is possible if less expensive feedstocks can be used to produce biodiesel (all other production costs kept equal). 86 The process is capable of producing biodiesel meeting ASTM International (formerly American Society for Testing and Materials) standards at almost $ 2 less per gallon than other biodiesel plants. The process is currently being used commercially by Ever Cat Fuels with the capability of producing 3 million gallons of biodiesel per year.
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CURRENT AND FUTURE DEVELOPMENT
In late 2009, ASTM International approved three new biodiesel blend standards (ASTM D975-08a, ASTM D396-08b and ASTM D7467-08). Specifi cations ASTM D975-08a (diesel fuel oils used for on-and off-road diesel applications) and ASTM D396-08b (fuel oils used for home heating and boiler applications) were revised to include up to 5 per cent (B5) biodiesel. The ASTM specifi cations allow regular diesel fuel to be composed of up to 5 per cent biodiesel (B5). Also, ASTM D7467-08 was approved, setting a standard for biodiesel / diesel blends of between 6 per cent (B6) and 20 per cent (B20) biodiesel for on-and off-road diesel applications. These standards should allow biodiesel mixtures to become as commonplace as 10 per cent (E10) ethanol blends. These specifi cations provide a consistent industry standard, giving companies APPENDIX See Table A1 . Sears, James T.
2006-08-24
Photobioreactor
